Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) has been employed to resolve protein subunits of finger millet (Ekusine corucuna) varieties according to their MW. These studies have established that varietal differences exist in the protein composition of finger millet varieties, The MW distribution of the protein subunits in the albumin-globulin, prolamin and glutelin fractions show many differences between the parental and cross-bred varieties and these differences are greater in the albumin-globulin and glutelin fractions than in the prolamin fraction. The amino acid compositions of the protein fractions show some differences between varieties.
INTRODUCTION

Characterization
of the storage proteins of cereals is important for several reasons, including breeding nutritionally superior varieties. Several studies have established that in corn [l] and in barley [2] the differences between proteins of normal and high-lysine varieties are due to a change in the proportions of the protein fractions in these cereals. It would be of interest to establish the relationship between variations in the amino acid composition and changes in protein fractions in other cereals and millets as well.
Varietal differences in the amino acid composition of finger millet (Eleusine coracana Gaertn.), an important food crop of India and Africa, have been established [3] . Solubility fractionation of the endosperm proteins of finger millet samples revealed that the white-grain varieties had a higher prolamin content than the browngrain varieties and the reverse relationship is true for the glutelin fraction. Among the lines derived from the crossing of a brown variety (Purna) with a white variety (Hamsa) of finger millet, some had higher levels of lysine than either of the parent varieties [3] . Therefore, it was of interest to study the amino acid composition and protein patterns of a few representative whitegrain and brown grain varieties of linger millet. This paper describes the SDS-PAGE ofthe Landry-Moureaux protein fractions of 5 varieties of finger millet and the amino acid composition of these protein fractions.
BESULTS AND DISCUSSlON
The finger millet samples used in this investigation consisted of a pure line white-grain variety (Hamsa), a pure line brown-grain variety (Purna), two brown lines (HPB 20-5 and HPB 23-6) and one white line (HPW 83-4) derived from white and brown seed crosses (Hamsa x Purna).
It is customary to use 5 solvent systems in the Landry-Moureaux extraction procedure to obtain 5 protein fractions.
These are designated as albumin-globulin (solvent: saline, followed by water); true prolamin (70 % isoPrOH); prolamin-like (70 % isoPrOH-0.6 % mercaptoethanol (ME); glutelin-like (borate buffer, pH 10, 0.5 M NaCl, 0.6% ME) and true glutelin (borate buffer pH 10, 0.5 M NaCl, 0.6% ME, 0.5 % SDS) [4] . When finger millet proteins were fractionated by this procedure the isopropanol-ME soluble fraction (prolamin-like) and borate buffer-ME-SDS soluble fraction (true glutelin), were quantitatively the most important fractions [3] . Therefore, the extraction procedure was modified to obtain only 3 fractions [3], designated as albumin-globulin (Fraction I, extracted by 0.5 M NaCl and water), prolamin (Fraction II, extracted by 70% isoPrOH-0.6 ok ME) and glutelin (Fraction III, extracted by borate buffer, pH 10, 0.5 M NaCl, 0.6 % ME, 0.5 % SDS). The distribution of nitrogen in the 3 protein fractions from the 5 varieties of finger millet are shown in Table 1 . These fractions were subjected to SDS-PAGE and amino acid analyses.
Electrophoretic comparison of protein fractions
SDS-PAGE patterns of the protein components present in the 3 protein fractions of 5 finger millet varieties are shown in Figs 1-3. The 3 protein fractions of all finger millet varieties are heterogeneous and consist of several protein components with a range of MW distributions for the protein subunits. Accurate assignment of MW is difficult for those components yielding a diffuse protein band. In such cases the MW is assigned to the most prominent band(s) within a diffuse band. Fig. 1 shows the SDS-PAGE patterns of the albuminglobulin (Fraction I) of finger millet meal solubilized by saline-distilled water extraction. Clear differences exist not only between the white grain (Hamsa) and browngrain(Purna)parentvarieties,butalsobetweentheparents and hybrids derived by crossing these parental types . Most notable differences are in the high MW components of the parent as well as the cross-bred varieties.
Comparison of albumin-globulin fraction
In the SDS-PAGE pattern of the Hamsa variety 9 protein bands were observed with MW of the protein subunits ranging from 8000-50000. Low MW components were quantitatively more prominent as judged from the intensity of the protein bands, although the higher MW components were more numerous and distinct. The Puma variety had fewer protein bands compared to the Hamsavarietyandcomponents withMW higher than 25000 were undetectable.
Here again, the low MW subunits were more intense compared to the subunits with intermediate MW. The cross-bred varieties show only a few bands, unlike the patterns obtained with the parent varieties. In fact, HPW 83-4 shows an intense but diffuse band in the MW range 6000-l 1000 and a faint band of MW 17000, and no other band is visible in the electrophoretic pattern of this variety. The HPB 20-S and HPB 23-6 varieties each show an intense band of low MW and a faint band of MW 17000. Two sharp bands of MW 35 500 and 37 100 are observed in HPB 20-5 and an intense band of MW 39800 is seen in HPB 23-6.
Compnrison of prolamin fraction
The SDS-PAGE patterns of the prolamin fraction (Fraction II) extracted by the isoPrOH-ME solvent show the least variations among the 5 finger millet varieties (Fig. 2 ) compared to the other 2 protein fractions. Polypeptides m the MW range 600@10000 are present in almost all the varieties. Protein subunits of MWs 11200,22 500 and 45000 are present in 3 of the 5 varieties, MWs 14 100 29500 and 37 100 are present in 2 varieties, whereas, MWs 34 000 and 46 800 are present in only 1 of the 5 varieties of finger millet. Protein subunit of MW 50000 is present only in the Hamsa variety. HPB 20-5 lacks subunits of MW higher than 39 800. Fig. 3 shows the protein bands in the glutelin fraction (Fraction III) of the finger millet varieties extracted by borate-ME-SDS solvent system. Considerable variations in the protein patterns among the varieties is seen as in Fraction I protein. Fraction III protein ofthe Hamsa variety, which contained the highest number of subumts, resolved into l&l 1 bands in the MW range 6000-50000, while the HPB 20-5 variety had 6-7 protein subunits in this range. Purna and HPW 83-4 each had 4-5 subunits and HPB 23-6 had only 2-4 protein bands. It was difficult in the case of HPB 23-6 to establish the exact number of bands present because of the mdistinct pattern obtained. The subunit of MW 50000 was present only in the Hamsa and HPB 20-5 varieties of finger millet. Purna and HPW 83-4 did not have protein subunits of MW higher than 41700. The most notable feature of the electrophoretic pattern of HPB 23-6 is the absence of distinct protein components of MW higher than 12000, although faint and diffuse high MW components are seen in the gel patterns. The low MW polypeptide components (MW 6000-8500) are quantitatively the most important in the From the foregoing results it is evident that SDS-PAGE is capable of resolving the protein subunits of finger millet varieties according to their molecular size and, therefore, can be employed to reveai the varietal differences in protein composition. It has been established from these studies that the MW distribution of the protein subunits in the albumin-globulin, prolamin and glutelin fractions show many differences when the parental varieties are compared with the cross-bred varieties. Such differences are most noticeable in the albuminglobulin and glutelin fractions rather than in the prolamin fraction. Furthermore, variations in composition among the protein fractions are due mostly to differences in the distribution of the high MW and intermediate MW subunits of the glutelin fraction. Similar observations have been reported in the protein composition of barley varieties [5] and corn varieties [6] . Variations in the protein composition are more likely to be encountered in the prolamin and glutelin fractions which are the major storage proteins of cereal grains.
Comparison of glutelin fraction
A few of the protein subunits, for example, the 50000 MW subunit of the Hamsa variety, occur in all the 3 protein fractions. It is possible that this is due to incomplete extraction of these protein components from the endosperm meal during successive extraction with the 3 solvent systems. It is also likely that these protein components have different solubility characteristics but the same MW.
Comparison of amino acid compositions
The amino acid compositions ofthe 3 protein fractions from 5 varieties of finger millet are given in Tables 2-4 . The amino acid compositions of the 3 fractions from the Hamsa and Purna varieties have already been reported in an earlier communication [3] but are reproduced here to facilitate a ready comparison with the other varieties.
The amino acid composition of Fraction I (albuminglobulin) of the linger millet varieties is shown in Table  2 along with mean values and range. The amino acid composition of the albumin-globulin fraction of all the 5 varieties is generally similar but with a few notable exceptions. HPW 83-4 and HPB 20-5 havelower amounts of lysine and arginine and higher amounts of glutamic acid, proline, leucine, tyrosine, phenylalanine and cystine compared to the other 3 varieties. In fact, glutamic acid levels are nearly double in HPW 83-4 and HPB 20-5 and the level of aspartic acid is also rather high in HPB 20-5. The isoleucine to leucine ratio in this protein fraction is 1:2. Compared to Fractions II and III, Fraction I contains glycine and cystine in higher amounts, whereas, glutamic acid, proline, leucine and phenylalanine are present in lower amounts.
The amino acid composition of Fraction II (prolamin) is given in Table 3 . This fraction is characterized by very low levels of lysine, very high levels of glutamic acid, high levelsof proline, valine, alanine, leucine, and phenylalamne. The isoleucine to leucine ratio of Fraction II protein is ca 1:2.5. Arginine, glycine and aspartic acid are present in smaller amounts than in the other two fractions. The mean level of methionine is higher in the prolamin fraction than in either of the other two frac-tions. Fraction I1 protein of HPW 83-4 and HPB 23-6 are particularly rich in methionine and the levels of methionine in the whole seed protein of these 2 varieties of finger millet are also high [3] .
It is seen from the amino acid composition of Fraction III (glutelin) protem presented m Table 4 that this fraction has the highest level of lysine of the 3 protein fractions. Histidine and arginine are also present in fairly high amounts. The proportions of glutamic acid, proline, leucine and phenylalanine are higher in the glutelin fraction than in the albumin-globulin fraction, but lower than in the prolamin fraction. HPB 23-6 has the lowest amounts of lysine, glutamic acid and proline, but the highest amount of methionine among the finger millet varieties. The isoleucine to leucine ratio is I:2 in this fraction.
It is interesting to note that the amino acid compositions of the 3 protein fractions obtained from finger millet are similar to those of comparable fractions of corn [7] and sorghum [8] . The designation of Fraction II as the prolamin fraction in this study is justified due to the low levels of basic amino acids and high levels of glutamic acid, proline, leucine and phenylalanine found in this fraction. Similarly, the amino acid composition of Fraction III is that to be expected of the true glutelin fraction.
It is evident that the amino acid compositions of the individual protein fractions do show a few differences depending on the finger millet variety. Isolation of the individual protein bands in the 3 protein fractions and determination of their amino acid composition could lead to a better understanding of the changes in the amino acid composition resulting from the changes in the genotypes of the finger millet varieties.
EXPERIMENTAL
The 5 varrettes of finger millet were obtained from the Millet Research Centre, University of Agricultural Sctences, Bangalore, India. Defatted endosperm meal was prepared as descrrbed earher [3] .
Preparation of protem fractions. Extraction of the protein from the defatted endosperm flour by a modification of the Landry-Moureaux extraction procedure has been described [3] . In brtef, 20g of defatted flour was stirred wtth lOOmI of 0.5 M NaC1 for 2 hr. The residue was extracted with 100 ml of H,O for 2 hr. NaCl and H,O extracts (Fractton I, albumin globulin) were pooled The restdue was then successively extracted with 100 ml each of 70% isoPrOH contatning 0.6% ME and borate buffer, pH 10, contamlng 0.5 M NaCI, 0.6% ME and 0.5% SDS to obtain the prolamin fraction (Fractron II) and glutelin fraction (Fraction III), respectively. The extracts were extensively dralysed against H,O in the cold and lyophihzed.
The protein content in the indrvtdual lyophilized fractions was calculated by multiplying the N content as determined by micro-Kjeldahl method by the factor 6.25. Amino aud analyses. Known wts of protem fractions were hydrolysed m sealed tubes wtth 6 N HCI for 22 hr at 110'. HCl was removed under red. pres. at 45' and the resrdue drssolved m 0.2 M citrate buffer, pH 2.2, for amino acid analyses. Amino acid analyses were carried out by the method of ref. [9] SDS-PAGE o/ protein fractions. SDS-PAGE patterns of the indtvidual protein fractions were obtained by electrophoresis m 10 '/, polyacrylamtde gel containmg SDS followmg the method of ref. [lo] . Proteins were reduced for 2 hr at 37' by incubation in 0.1 M Pi buffer, pH 7. containing 1 % ME and 1 Si SDS.
Electrophoresrs
was performed at a constant current of 8 mA per gel. The gels were stained for 18 hr m 0.25'4 Coomassre Brilliant Blue and destained with a soln of 7.5 "/;HOAc and 5 % MeOH m H,O.
Protein subunit MWs were determined by comparmg the mobilities of the subunits with those of proteins of known MW [lo] . The protems used as MW markers were cytochrome-c (MW 11700). trypsin fMW 23300) ovalbumm (MW 43000). catalase(monomerMW 60OOO)andserumalbumm(MW 68000). The marker protetns were prepared for electrophorests
In the same manner as the linger mtllet protein fracttona.
